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ABSTRACT:  The development of AA6061 aluminum matrix 
composites is of great interest in industrial applications for lighter 
materials with high specific strength, stiffness and wear resistance. 
In this paper we examine the effects of reinforced Al6061 alloy with  
2 wt%, 4 wt%, 6wt%  of SiC and 5 wt % Al2O3; being fabricated by 
liquid metallurgy (stir cast) method. The mechanical properties 
including hardness and wear resistances of the unreinforced alloy 
and reinforced have been measured. It has been observed that 
the addition of reinforced materials significantly improves wear 
resistances and hardness properties as compared with that of 
unreinforced matrix. 
KEYWORDS: AA6061 Aluminum Matrix, StirCast, Mechanical 
Properties 
1.0 INTRODUCTION
In the last decades, there is an increasing trend towards using composite 
materials, in order to achieve better performance in engineering 
materials [1]. Different reinforcing materials like SiC, TiB2, Al2O3, B4C, 
zircon sand, SiCrFe and CrFeC, and cerium oxide have been used 
to reinforce the metal-based matrices in an attempt to improve their 
mechanical and wear properties [2-9]. The strengthening of aluminum 
alloys with a reinforcement of fine ceramic particulates such as Al2O3 
and SiC has greatly increased their potential in wear resistant and 
structural applications [10–20].
 
The incorporation of hard reinforcing particles like Al2O3 into the 
matrix alloys improves their mechanical and tribological behavior, but 
may result in deteriorated machinability together with rapid counter 
face wear [21].    These composites possess excellent wear resistance 
in addition to other superior mechanical properties such as strength, 
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modulus and hardness when compared with conventional alloys [22-
28]. Hardness of composite depends on hardness of reinforcement and 
matrix .Hardness of the composites increase with increases in the filler 
content [29].
 
Investigation of mechanical behavior of aluminum alloys reinforced 
by micro hard particles such as Al2O3 and SiC is an interesting area of 
research. Therefore, the aim of this study was to investigate the effect of 
Al2O3 and SiC content on hardness and abrasive wear of Al6061 matrix 
alloy, made by stir casting method.
2.0 EXPERIMENTAL
The matrix material used in the experimental investigation was an 
aluminum alloy (6061). Thechemical composition is listed in Table 1. 
The composition of aluminum alloy (6061) was determined by means 
of chemical analysis in (Ministry planning / Central Organization for 
Standardization and Quality Control), The cleaned metal ingots were 
melted to the desired temperature of 740°C in graphite crucibles. The 
addition of the silicon carbide particles in the matrix alloy was varied 
from 2–6 wt% and added keeping 5wt% Al2O3 constant as reinforcement 
was added as shown in Table 2. 
Table 1: Chemical composition of Al6061 by weight percentage
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The molten alloy was stirred for a duration of 10 min using a 
mechanical stirrer possessing ceramic coated steel impeller. The speed 
of the stirrer was maintained at 400 rpm. Hardness, and wear tests 
were conducted for Al6061 alloy  and Al6061 alloy  reinforced. 
Hardness test was using a load of 1 N for a period of 10 s. The 
abrasive wear test was conducted for loads 10 N and 15 N within 10 
 
Table 2: Sample characterization was used in this work
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alloy reinforced. Metallographic scanning was realized on an optical 
microscope. Samples for the microscopic examination were prepared 
by standard metallographic procedures etched with killer’s agent and 
examined under optical microscope.
In this project , experimental and theoretical density values were in line 
with each other and confirmed the suitability of the liquid metallurgy 
techniques for a successful composite preparation. An actual density 
of the samples was evaluated by weighting the test samples using a 
high precision electronic weighting balance and dividing the measured 
weights in each sample by the volume of the respective samples. Then 
these densities were compared using theoretical  density. The theoretical 
density was evaluated by using the rule of mixtures given by:
pAA6061/ Al2O3 p/SiC 
= Vol. AA 6061 × pAA6061 + Vol. Al2O3 × p Al2O3 
+ Vol. SiC × p SiC                                                                                         (1) 
Where:
pAA6063/ Al2O3 p/ SiCp = Density of Composite, 
Vol. AA 6061 = Volume fraction of AA 6061, 
pAA6061 = Density of AA 6061, 
Vol. Al2O3 = Volume fraction Al2O3, 
pAl2O3 = Density of Al2O3,
pSiC= Density of SiC, 
Vol. SiC = Volume fraction SiC.
3.0 RESULTS AND DISCUSSION
3.1 Density Measurements
Figure 1 shows the density measurements of the prepared composites. 
The density increased furtherwith increased percentage of filler 
content in the composites. The higher density of sample (E) composites 
have the highest filler content  and can reasoned for the higher density 
values of SiC.
3.2 Result of Microstructures Test 
As the microstructure plays an important role in the overall 
performance of a composite and the physical properties depend on the 
microstructure, reinforcement particle size, shape and distribution in the 
alloy, prepared samples were examined using an optical micrographs to 
study the distribution pattern of the filler content in the matrix.  Figure 
ISSN: 1985-3157        Vol. 8     No. 2   July - December 2014
Journal of Advanced Manufacturing Technology
16
2 shows micrographs of unreinforced alloy and of reinforced alloy. The 
microstructure of the prepared composites contained primary α-Al 
dendrites and eutectic silicon, while Al2O3 particles were separated 
at inter-dendritic regions and in eutectic silicon. Figure 2b reveals the 
distribution of alumina particles in specimen and it can be observed 
that there is a fairly uniform distribution of particles.  Figure 2b-e 
shows that the silicon carbide particles are uniformly distributed in the 
matrix. The reinforcements appeared darker than AA 6061 Aluminum 
alloy matrix. Further the microphotographs revealed a good bond 
between the matrix alloy and the reinforcement particles.
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3.3 Hardness Results 
Hardness of Al6061 alloy base composite and Al6061 alloy reinforced 
is shown in Figure 3. There was a significant improvement in hardness 
with an addition of reinforcement. The hardness value was influenced 
by a volume fraction of SiC. Maximum hardness was observed in the 
case of Al606+5% Al2O3 + 6% SiC composite. Diffusion of carbide into 
the matrix increased the hardness of composite. Figure 2 shows   the 
significant improvement in the hardness of the Al6061 alloy and Al6061 
alloy reinforced reinforced Al6061 matrix alloy when compared with 
the unreinforced Al6061 matrix alloy exhibited higher hardness when 
compared with the matrix alloy. The effect of Al2O3 and SiC of sample 
as shown in privies paragraph.
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commercial materials. Metal matrix composites (MMCs) are regarded 
Figure 3:  Variation of hardness with increase in weight % of 
reinforcement for as cast Al6061
3.4 Abrasive W ar
i r   s s t  ff t f li  loa  on wear rates of unreinforced 
l   l  r i f r  sit s. e ear rates of both 
r i f rce  l   l6061– reinforced composites specimen 
st il  i r s  it  t  i r s  f t  a lie  load. It may be noted 
t t t  sit  s i s i it  sig ificantly lo er wear rates 
t  t  tri . It is s r  t t t  ear rates of both matrix alloy 
 its c sit s i cre s  ste il  it  i cr se i  l   t  .
It is bserved that th  amount of reinforc ment in the matrix alloy has 
a profound influence on the abr sive wear behavior of matrix alloy. 
Incre sed content of SiC in t e matrix alloy enhances the abrasive wear 
resistance of composites which can be attributed to the fact that SiC 
itself being hard can combat the abrasion, thereby resulting in lower 
material removal and more wear-resistant than the presently available 
commercial materials. Metal matrix composites (MMCs) are regarded 
ISSN: 1985-3157        Vol. 8     No. 2   July - December 2014
Journal of Advanced Manufacturing Technology
18
as excellent materials to obtain properties that are superior to those 
of the constituent phases and also to satisfy the above requirements 
[30]. The higher the hardness of composites, the better  is its abrasion 
resistance. For a given load, the abrasive wear tended to be higher for 
both the matrix alloy and its composites. excellent wear resistance 
of Al6061– reinforced composites specimen can also be attributed to 
improved surface hardness and high load bearing capacity of alumina 
particles with the increase in the percentage of reinforcement. Increase 
in hardness results in improvement of wear and seizure resistance of 
materials [31].
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2- The densities of the composites improve than their base 
matrix and they increase as addition of reinforcement 
particulates increase.
3- Sample (E) composites have shown higher hardness 
when compared to the hardness of sample (A). Hardness 
of composites also increases with the increase of wt% of 
reinforcement found in(46 to 89)VHN .
4- The optical microphotographs of composites produced by 
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5- Higher wear rate is observed as in cast sample (A) alloy 
when compared to sample (B) composites.
REFERENCES
[1] M. Kok, “Production and Mechanical Properties of  ALO Particle-
Reinforced 2024 Aluminum Alloy Composites”. Journal of Materials 
Processing Technology, Vol. 161, No. 3,pp. 381-87,2005.
[2] M.O. Shabani, A. Mazahery, “Application of FEM and ANN in 
characterization of Al Matrix nano composites using various training 
algorithms”, Metallurgical and Materials Transactions A, Vol. 43, pp. 
2158-65, 2012.
[3] M. O. Shabani and  A. Mazahery, “The performance  of various 
artificial neurons interconnections in the modelling and experimental 
manufacturing of the composits“. Materials and Technology, Vol. 46, 
No. 2, pp. 109-13, 2012. 
[4] S. Srivastava and S. Mohan, “Study of Wear and Friction of Al-Fe 
Metal Matrix Composite Produced by Liquid Metallurgical Method“. 
Tribology in Industry, Vol. 33, No. 3, pp. 128-34, 2011.
[5] P. Cavaliere and E. Evangelista, “Isothermal Forging of Metal Matrix 
Composites: Recrystallization Behaviour by Means of Deformation 
Efficiency,“ Composite Science and Technoogy”. Vol. 66, pp. 357-62, 2006.
[6] P. Poddar, S. Mukherjee, and K.L. Sahoo, “The Microstructure 
and Mechanical Properties of SiC Reinforced Magnesium Based 
Composites by Rheocasting Process”. Journal of Materials Engineering 
And Performance, Vol. 18, pp. 849-55, 2009.  
[7] L. Ceschini, G. Minak, and A. Morri, “Forging of the AA2618/20 vol.% 
Al2O3 Composite: Effects on Microstructure and Tensile Properties”. 
Composite Science and Technology, Vol. 69, pp. 1783-89, 2009.
[8] B. Nedic and G. Lakic, “Friction Coefficient for Al Alloys and Tool 
Materials Contact Pairs”. Tribology in Industry, Vol. 27, No. 3&4, pp. 
53-56, 2005. 
[9] A. Hamid, P. Ghosh, S. Jain, and S. Ray, “The influence of porosity 
and particles content on dry sliding wear of cast in situ Al (Ti)–
Al2O3(TiO2) composite”. Wear, Vol. 265, No. 1&2, pp.14-26, 2008. 
[10] E. Mohammad Sharifi, F. Karimzadeh and M.H. Enayati, “Fabrication 
and evaluation of mechanical and tribological properties of boron 
carbide reinforced aluminum matrix nanocomposites”. Materials and 
Design, 32, pp. 3263-71, 2011. 
ISSN: 1985-3157        Vol. 8     No. 2   July - December 2014
Journal of Advanced Manufacturing Technology
20
[11] H. C. Anilkumar, H.S. Hebbar, K.S. “Ravishankar, Mechanical 
Properties of Fly Ash Reinforced Aluminium Alloy (Al6061) 
Composites”. International Journal of Mechanical and Materials 
Engineering, Vol. 6, No. 1, pp. 41-45, 2011. 
[12] J. Hemanth, “Quartz (SiO2p) reinforced chilled metal matrix composite 
(CMMC) for automotive applications”. Materials and Design 30, pp. 
323-29, 2009. 
[13] M. S. Reddy, S. V. Chetty, S. Premkumar, “Effect of reinforcements 
and heat treatment on tensile strength of Al-Si-Mg based hybrid 
composites”. Int. Journal of Applied Sciences and Engineering Research, 
Vol. 1, No. 1, 2012. 
[14] K. Kalaiselvan, N. Murugan, S. Parameswaran, “Production and 
characterization of AA6061–B4C stir cast composite”. Materials and 
Design 32, pp. 4004-09, 2011. 
[15] E. Bernardo, G. Scarinci, A. Maddalena, S. Hreglich, “Development 
and mechanical properties of metal particulate glass matrix composites 
from recycled glasses”. Composites  Part A, 35, pp. 17-22, 2004. 
[16] J. B. Rao, D. V. Rao, N.R.M.R. Bhargava, “Development of light weight 
ALFA composites”. International Journal of Engineering, Science and 
Technology, Vol. 2, No. 11, pp. 50-59, 2010. 
[17] A. Erol, A. Yonetken, I. Yıldız, M. Erdogan, “Fabrication of Ni Metal 
Matrix Composites, Reinforced With SiO2 by Microwave Sintering“. 
International Advanced Technologies Symposium, May 13-15, 2009. 
[18] M. Singla, D. D. Dwivedi, L. Singh, V. Chawla, “Development 
of Aluminium Based Silicon Carbide Particulate Metal Matrix 
Composite”. Journal of Minerals & Materials Characterization & 
Engineering, Vol. 8, No.6, pp. 455-67, 2009. 
[19] G. B. V. Kumar, C. S. P. Rao, N. Selvaraj, “Mechanical and Tribological 
Behavior of Particulate Reinforced Aluminum Metal Matrix 
Composites – a review”. Journal of Minerals & Materials Characterization 
& Engineering, Vol. 10, No. 1, pp. 59-91, 2011. 
[20] A. R. K. Swamy, A. Ramesha, G. B. Veeresh Kumar, J. N. Prakash, 
“Effect of Particulate Reinforcements on the Mechanical Properties 
of Al6061-WC and Al6061-Gr MMCs”. Journal of Minerals & Materials 
Characterization & Engineering, Vol. 10, No. 12, pp. 1141-52, 2011. 
[21] S. Suresha, B.K. Shridhara, “Wear characteristics of hybrid aluminium 
matrix composites reinforced with graphite and silicon carbide 
particulates”. Composites Sci. Technol. 70, pp. 1652-59, 2010. 
[22] F. M. Hosking, F. Folgar-Portillo, R. Wunderlin, And R. Mehrabian, 
“Composite of Aluminium alloys; Fabrication and Wear Behaviour”. 
Journal of Material Science, Vol. 17, pp. 477-98, 1982. 
ISSN: 1985-3157        Vol. 8     No. 2   July - December 2014
A Study on Mechanical Properties of Reinforced Al6061 Using Reinforcing Materials of  Al2o3 And Sic Composite
21
[23] K. J. Bhansali and R. Mehrabian, “Abrasive Wear of Aluminium Matrix 
Composites”.  Journal of Metals, Vol. 32, pp. 30-40, 1982.
[24]  Y. M. Pan, M. E. Fine and H. S .Cheng, “Wear Mechanism of Al-
Based Metal Matrix Composites under Rolling and Sliding Contact”. 
Tribology of Composite Materials, pp. 93-101, 1990. 
[25] J. J. Ahan, and S. Ochiai, “The Effect of Wear Environment 
Temperature on The Wear Behaviour and Friction Coefficient of SiCw-
Al Composite”. Journal Composite Material, Vol. 37, pp. 1083,  2003. 
[26] K. Akutagawa, H. Ohtsuki, J. Hasegawa and M. Miyazaki, “Reduction 
of Friction Coefficient of MMC under Dry Conditions.” SAE Technical 
Report 870441, 1987. 
[27] A. Shashishankar, M. Krishna and C. S. Chandrasekhara Murthy, 
“A study on sliding behaviour of flyash reinforced aluminium 7075 
alloy composites”. Proceedings of the Third International Conference on 
Advances in Composites, Bangalore, pp. 583-89, 2002. 
[28] M. Nagara, V. Bharath and V. Auradi, “Effect of Al2O3 particles 
on mechanical and wear properties of 6061Al alloy metal matrix 
Composites”. Material Science & Engineering, Vol. 2, pp. 1-4, 2013.
[29] H. T. Son, T. S. Kim , C. Suryanarayana and B. S. Chun, “Homogeneous 
dispersion of graphite in a 6061 aluminum alloy by ball milling”. 
Materials Science and Engineering A348, pp. 163-69, 2003.
[30] M. Uysal, R. Karslioğlu, A. Alp and H. Akbulut, ”Wear mechanisms of 
bronze matrix composites reinforced with core shell Ni coated Al2O3 
particles produced by rapid current sintering technique”. European 
Conference on Composite Materials, Venice, Italy, 24-28 June, pp. 1-8, 
2012.

